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Research Findings

Basic Research

9-THC Stimulates Dopamine Neurons Via Their Afferent Monoaminergic Neurons

9-Tetrahydrocannabinol (9-THC), the major active constituent of marijuana, is believed to stimulate the brain’s
dopamine systems, as do other drugs of abuse. Dr. Edward D. French's group at the University of Arizona College of
Medicine is determining the mechanisms of actions of 9-THC on dopamine neurons using electrophysiological
techniques. First, these investigators confirmed that acute iv administration of 9-THC increases the firing rate of
substantia nigra and ventral tegmental area dopamine neurons (both about a 50% maximum increase over baseline)
(E.D. French, X. Wu & K. Dillon, 1997, NeuroReport 8, in press). Pretreatment with the selective cannabinoid CB1
receptor antagonist SR141716A blocked this effect. Last year, the availability of active and inactive enantiomers of
the synthetic cannabinoid CB1 receptor agonist WIN-55,212 provided an additional approach. The active enantiomer
(WIN-55,212-2) increased dopamine neuron firing rates in these brain areas, while the inactive isomer (WIN-55,212-
3) was ineffective. Thus, they confirmed that the dopamine neuronal changes induced by 9-THC are mediated
through the CB1 cannabinoid receptor. Also last year, they demonstrated that reserpine or alpha-methyl-p-tyrosine
pretreatment in vivo each reduced the response of the dopamine neurons to 9-THC. Thus, it would appear that
catecholamine or serotonin afferents to the dopamine neurons are needed for the cannabinoid stimulation. This was
confirmed by further experiments on dopamine neurons in midbrain slice preparations, where the afferents are cut;
neither 9-THC nor WIN-55,212-2 stimulated cell firing in the slices.

Nitric Oxide Synthase Inhibitor Blocks Sensitization to Cocaine
The development of sensitization to cocaine and methamphetamine is thought to underlie the processes of

1) addiction, 2) neurotoxicity and 3) psychopathology. In rodents, sensitization is manifested by increased
responsiveness to the locomotor-stimulating, stereotypy- and seizure-inducing (kindling) effects of cocaine. It has
been established by the groups of Karler, White, and Wolf that glutamatergic neurotransmission and the NMDA
subtype of glutamate receptor are the primary mediators of the induction of sensitization. Dr. Yossef Itzhak from the
University of Miami School of Medicine found an increase in the number of NMDA receptors in the cortex of cocaine
kindled mice, and further demonstrated that activation of the NMDA receptor's intracellular messengers, Ca2+ and
nitric oxide (NO), mediates the development of sensitization to the convulsive and lethal effects of cocaine. Recently,
he reported that neuronal selective NO synthase (NOS) inhibitors prevent the induction and expression of
sensitization (Itzhak, Neuropharmacology 35, pp. 1065-1073, 1996). Further, a neuronal NOS inhibitor protects
against methamphetamine neurotoxicity in mice (Itzhak and S. Ali, J. Neurochem. 67, pp.1770 1773, 1996).
Elucidation of these mechanisms may advance the development of medications for the management of
psychostimulant abuse.
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Cannabinoids and Excitotoxicity

Because many drugs of abuse are known to affect glutamatergic synaptic transmission, Dr. Stanley Thayer and
coworkers are testing the hypothesis that such drugs might influence the progression of excitotoxicity. These
researchers found that cannabinoids significantly inhibit glutamatergic synaptic transmission. Their report identifying
a synaptic mechanism of the cannabinoids is of considerable importance to understanding the cellular effects of
marijuana. Thus, focus was directed toward the study of cannabinoids on glutamatergic synaptic transmission and
excitotoxicity. In hippocampal neurons, activation of cannabinoid receptors inhibits the N and P/Q subtypes of Ca++
channels suggesting a likely molecular mechanism for the synaptic inhibition produced by cannabinoids. Cannabinoids
were found to protect from excitotoxicity in vitro, suggesting that if compounds could be developed in which the
abuse properties were separated from this potentially therapeutic effect, certain cannabimimetic drugs might be
useful neuroprotective agents. A key feature of many abused drugs is the development of tolerance upon repeated
exposure. Experimenters have found that the effects of full cannabinoid agonists on synaptic transmission desensitize
during prolonged exposure. In contrast, the effects of one of the synthetic compounds CP55940, a compound that
acts as a partial agonist, does not desensitize, suggesting that this drug may be effective in preventing the
neurodegeneration that results from glutamate release. Thayer, S.A., and Shen, M. Cannabinoid Receptor Agonists
Inhibit Glutamatergic Synaptic Transmission in Rat Hippocampal Cultures. Symposium on Cannabis and the
Cannabinoids (Int. Cannabinoid Res. Soc.) p. 45, 1996. Shen, M. and Thayer, S.A. Desensitization of Cannabinoid-
Mediated Inhibition of Glutamatergic Synaptic Transmission between Cultured Rat Hippocampal Neurons. Soc.
Neurosci. Abst. 22: 82, 1996.

Tropane Derivative Holds Promise as a Methadone-Like Approach for Treating Cocaine Addiction As reported in the
February 1997 issue of the Journal of Pharmacology and Experimental Therapeutics, Dr. Michael Nader and his co-
workers from the Drug Abuse Center Neuroscience Program at the Bowman Gray School of Medicine in Winston
Salem, NC tested PTT, a tropane derivative, in nonhuman primates. These researchers found that the drug produces
internal cues similar to cocaine (that is, it is perceived as having properties like cocaine), but it will not substitute for
cocaine in monkeys trained to self-administer cocaine. Also, PTT itself is not self-administered. Further, a single
pretreatment dose of PTT to monkeys trained to lever press for intravenous cocaine prevented cocaine self-
administration for 4 hours or more. The findings that the compound is not self-administered, prevents cocaine self-
administration, and has subjective effects similar to cocaine, suggest that this tropane derivative, or a drug like it,
would be useful in preventing cocaine relapse without compliance problems.

Biosensors

A recent analytical report describes a fiber optic system, known as an immunobiosensor, capable of determining the
cocaine content of coca leaf samples in the field. It requires optical fibers which have been coated with a monoclonal
antibody, in this case, one generated against benzoyl ecgonine-fluorescein as a sensor, and a portable fluorometer.
Since cocaine competes with benzoyl ecgonine-fluorescein in binding to the antibody, its concentration is proportional
to the decrease in fluorescence of the sensor when both are present in a sample. The method is rapid, of reasonable
precision, and can be performed directly on acid extracts of coca leaves. Mohyee Eldefrawi, Charles Helling et al.,
Biosensors and Bioelectronics, 12(2), pp.113 124, 1997.

Blood Barrier and Narcotic Peptides

The tritiated mu-selective antagonist CTAP has been shown in a rat brain perfusion study to cross the blood brain
barrier and the cerebral spinal fluid barrier in amounts approximating those of tritiated morphine. CTAP was bound to
albumin in the perfusion medium and to rat serum protein, and remained 63% "intact" in the brain after a 20 minute
perfusion, based on radioactive counts for the major HPLC peak in the detection system used. It is suggested that the
blood brain barrier transport is based on passive diffusion rather than saturation transport, since the degree of
transport is unaffected by the presence of unlabeled CTAP. The compound may have a potential role in narcotic
addiction treatment. T. Abbruscato, S. Thomas, V. Hruby, T. Davis, J. Pharmacology and Experimental Therapeutics,
280, pp. 402 409, 1997.

Homer, a PDZ-domain Protein Selectively Binds Metabotropic Glutamate Receptors

Using differential cloning strategies, NIDA Grantee Paul Worley of Johns Hopkins University discovered Homer, a
novel, brain-specific, small protein of 186 amino acids that differs from the conventional immediate early genes in
that it can directly modify cellular function.
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Recently a new protein motif called PDZ domain has been shown to be important in the targeting of a variety of
membrane proteins to cell-cell junctions including synapses. The most widely recognized member of this family of
proteins containing a PDZ domain is PSD95 which was originally identified as a component of the postsynaptic density
and recently shown to interact with the C-terminus of the ionotropic glutamate receptor, N-methyl-D-aspartate
receptor (NMDA receptor). By virtue of the physical interaction between PSD95 and the NMDA receptor, it is
hypothesized that PSD95 functions to restrict the spatial distribution of the NMDA receptor.

While sequence comparisons fail to demonstrate a significant homology between Homer and PSD95, there were a
number of functional similarities that suggested they may possess a similar domain for interaction. First, Dr. Worley
and his coworkers demonstrated that Homer interacts with the C-terminal 4 amino acids of metabotropic glutamate
receptor, mGIURS5. This is the same C-terminal dependency for the interaction between PSD95 and NMDA receptor.
Second, Homer possesses a sequence GLGF that is present in all PDZ family members and deletion of this region
destroys the interaction between Homer and mGIuR5. Third, the crystal structure of PSD95 demonstrated that the
GLGF sequence forms the critical interaction site. Researchers also demonstrated that Homer is remarkably selective
for mGIuR receptors that mediate turnover of the phosphoinositide pathway (mGIuR1 and mGIuR5). Immuno-
localization of Homer showed that it is concentrated at synaptic spines; this selective expression at neuronal spines
suggests that Homer may be targeted to the spines.

In an accompanying paper in the same issue of Nature, another team at Johns Hopkins University led by Richard
Huganir described GRIP, a larger synaptic protein possessing seven PDZ domains that interacts with another
ionotropic glutamate receptor, a-amino-3-hydroxy- 5-methyl-4-isoxazole propionic acid receptor (AMPA receptor).
Because glutamate is the major excitatory neurotransmitter in the mammalian brain, the identification of these two
proteins, Homer and GRIP, will undoubtedly advance our understanding of the molecular mechanism of synaptic
clustering of receptors.

Cocaine produces long lasting changes in the responsiveness of neurons in the basal ganglia and neuronal circuits in
the frontal cortex and midbrain. These changes may play a role in the addictive potential of cocaine. Dr. Worley and
his coworkers discovered that Homer is markedly induced in neurons of the basal ganglia in response to acute
administration of cocaine. Homer is also persistently upregulated in the frontal cortex following chronic administration
of cocaine. Metabotropic receptors have recently been demonstrated to play an important role in motor and
behavioral responses of the nucleus accumbens and striatum and to be regulated by dopamine signaling from the
midbrain. Homer may be critical in regulating this interaction. Brakeman, P.R., Lanahan, A.A., O'Brien, R., Roche, K.,
Barnes, C.A., Huganir, R.L. and Worley, P.F., Nature, p. 284, March 20, 1997.

Opioid Receptor, Hematopoiesis, and Reproduction

Using a knockout mouse deficient in mu opioid receptor, NIDA grantee Dr. Lei Yu and his colleagues at the Indiana
University School of Medicine recently have discovered that the mu receptor gene disruption affected a number of
aspects of the mouse physiology. Of particular interest is the observation that a lack of the functional mu receptor
resulted in changes in both the host defense system and the reproductive system. They found increased proliferation
of hematopoietic progenitor cells in both bone marrow and spleen, indicating a link between hematopoiesis and the
opioid system, both of which are stress-responsive systems. They also detected changes in sexual function in male
homozygous mice, including reduced mating activity, decrease in sperm count and motility, and smaller offspring
litter size. These results suggest a novel role of the mu opioid receptor in hematopoiesis and reproductive physiology,
in addition to its known involvement in pain relief. Journal of Experimental Medicine, April 21, 1997.

Gender-Related Differences

A recent article published by NIDA supported researchers demonstrates pronounced gender-related differences in the
antinociceptive effects of morphine. These differences appear to reflect markedly enhanced CNS sensitivity to
morphine in males compared with females, as opposed to any intrinsic differences in the bioavailability of morphine.
Furthermore, these gender-related differences appear to exist at both spinal and supraspinal levels. Their findings
also suggested that the acute effects of steroids play little role in the gender-related differences observed; rather, it
appears more probable that the organizational effects of steroids, which occur in the late prenatal and early postnatal
stages and in large part determine gender-related distinctions in males and females, may be more significant.
Although the clinical significance and the underlying mechanisms of these findings are unknown at this point, these
results may provide a means to begin examining gender-related differences in abuse liability of psychoactive drugs.
Cicero, T.J., Nock, B. and Meyer, E.R. J Pharmacol. Exp. Therap. 279, pp. 767-773, 1996.

Gender-Related Differences
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Dr. Marlene Wilson and her co-workers have examined gender related differences and regional variations in the
ability of neuroactive steroid derivatives of progesterone, testosterone and glucocorticoids to alter physiological
gama-aminobutyric acid (GABA) responses in brain regions of male and female rats. All four steroids examined
increased GABA-activated chloride influx; however, the maximal enhancement in GABA responses differed
significantly among brain regions. Limbic areas, such as hippocampus, amygdala and cortex, displayed greater
maximal responses to these steroids than hypothalamic or cerebellar preparations. Since gender-related differences
in neuroactive steroid modulation of GABA responses were observed with the glucocorticoid derivative,
tetrahydrodeoxy-corticosterone (THDOC) but not with the progesterone derivative, 3-alpha 5-alpha tetrahydro-
progesterone (THP), it would further suggest that the ability of THDOC and THP to potentiate GABA responses are
affected differentially by the hormonal milieu. Wilson, M.A. and Biscardi, R. Life Sciences, In press.

Opiate Withdrawal Increases ProTRH Gene Expression in the Ventrolateral Column of the Midbrain
Periaqueductal Gray

The midbrain periaqueductal gray matter (PAG) has a critical role in the modulation of behavioral and autonomic
manifestations of the opiate withdrawal syndrome. Utilizing multi disciplinary approaches including behavioral studies,
in situ hybridization histochemistry, immunohistochemistry and radioimmunoassay, Dr. Ronald M. Lechan of the New
England Medical Center and his research team have demonstrated a nearly 5 fold increase in proTRH gene expression
in neurons of the ventrolateral column of the PAG following naltrexone precipitated morphine withdrawal. The
accumulation of immunoreactive proTRH-derived peptides, but not the mature TRH tripeptide, was concomitantly
observed in these cells. These observations along with the fact that the ventrolateral PAG mediates a hyporeactive
pattern of behavioral and autonomic reactions indicate that proTRH-derived peptides synthesized in neurons of the
ventro-lateral PAG may function as modifiers of opiate withdrawal responses. Currently Dr. Lechan and his colleagues
are attempting to elucidate the anatomical connectivity of this unique population of opiate-responsive proTRH
neurons and to determine how these neurons are integrated into the control system that responds to the hyperactive
state of morphine withdrawal.

The observation that there is a nearly 5-fold increase in proTRH gene expression in neurons of the ventrolateral
column of the PAG following naltrexone precipitated morphine withdrawal is a novel and exciting finding. It opens up
an entirely new area of opiate research and offers opportunities to design new approaches for the treatment of opioid
addiction and the withdrawal syndrome. The data generated from this work could have significant clinical relevance.
Legradi,G., Rand, W.M., Hitz, S., Nillni, E.A., Jackson, |I.M.D., and Lechan, R.M. Opiate Withdrawal Increases ProTRH
Gene Expression in the Ventrolateral Column of the Midbrain Periaqueductal Gray. Brain Research, 729, pp.10-19,
1996.

Isozyme-Specific Opioid-Induced Adenylyl Cyclase Supersensitization Acute stimulation of opiate receptors inhibits
adenylyl cyclase (AC) and reduces cAMP in the cell, while chronic activation has been shown to lead to a progressive
increase in AC activity. This phenomenon, particularly manifest upon withdrawal of the opiate agonist, is referred to
as AC superactivation. The mechanism of AC superactivation is not clear, although it seems to play an important role
in opiate addiction.

Zvi Vogel of The Weizman Institute of Science, Rohovot, Israel has transfected AC of types I-VIII (currently ten AC
isozymes are known) into COS cells and studied the regulations of these AC isozymes by acute and chronic opiate
exposures. The results show that the various AC isozymes are differently regulated by opiates. AC types I, V, VI and
VIII are inhibited by acute opiate exposure and super-activated following chronic exposure. AC Il, IV and VII are
activated by acute opiate exposure and do not show the superactivation. AC type Ill is not affected by the presence
of opiates. AC-V yielded the largest superactivation. This information will enable identification of the particular AC
isozymes which participate in opiate signaling , and the reward system, in vivo and hence may facilitate the
development of effective treatment strategies for opioid abuse. Avidor-Reiss, T., Nevo, I., Saya, D., Bayewitch, M.
and Vogel, Z. Opioid-Induced Adenylyl Cyclase Supersensitization is Isozyme-Specific. J. Biol. Chem. 272, pp. 5040-
5047, 1997.

Evaluation of Discriminative Stimulus Anandamide was shown to produce behavioral effects in mice characteristic of
psychoactive cannabinoids; however, differences have also been found between anandamide and delta-9 THC. Drs.
Billy Martin and Raj Razdan, and their colleagues designed a study to examine the discriminative stimulus effects of
anandamide in rhesus monkeys trained to discriminate delta-9 THC from vehicle. While anandamide failed to produce
reliable substitution for delta-9 THC and did not reduce response rates, 2-methylarachidonyl-2 prime-
fluoroethylamide (methylated fluoroanandamide, a stable analog of anandamide), produced full dose-dependent
substitution for delta-9 THC at doses that caused no significant changes in response rates. The results suggest that
systematically-administered anandamide may be metabolized in monkeys before behaviorally active concentrations
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could reach the brain and further suggest that the metabolically stable analog of anandamide, methylated
fluoroanandamide, may aid in the discovery of functional properties of the endogenous cannabinoid system. Wiley,
J.L., Golden, K.M., Ryan, W.J., Balster, R.L., Razdan, R.K., and Martin, B.R. Discriminative Stimulus Effects of
Anandamide and Methylated Fluoroanadamide in delta-9-THC-Trained Rhesus Monkeys. Pharmacol. Biochem. Behav.,
In press.

Hippocampus and GIRK1 Regulation of potassium channels by receptors coupled to heterotrimeric G proteins such as
the different types of opioid receptors can have a profound effect on neuronal excitability by changing the duration of
an electrical impulse or action potential, altering the membrane potential of neurons, and the number of action
potentials fired by neurons. These changes can indirectly alter the amount of neurotransmitter released by a neuron
which in turn can affect the excitability of neighboring neurons. One family of potassium channels modulated by
opioid receptors, dopamine receptors, and other receptors coupled to G proteins that have been recently cloned is the
G coupled inwardly rectifying potassium channels (GIRKs). To better understand the neuronal function of these
GIRKS Dr. Charles Chavkin and coworkers at the University of Washington used immunohistochemistry and high
resolution electron microscopy to define the subcellular localization and cell type that expresses GIRK1 in the
hippocampus. Chavkin reports that GIRK1 immunoreactivity is regionalized within stratum lacunosum molecular and
the superficial striatum radiatum in the hippocampus. At the cellular level electron microscopy revealed that GIRK
immunoreactivity is found immediately adjacent to asymmetric (excitatory type) post synaptic densities along
dendritic spines and shafts of pyramidal cells. Post synaptic densities are areas where receptors are located at
synapses, the junctions where neurons communicate. Chavkin suggests that the localization of GIRK1 in dendritic
shafts and spines could play a significant role in modulating the post synaptic responses at excitatory synapses by
decreasing the likelihood of propagation of synaptic currents from distal dendrites. Drake, C.T., Bausch, S.B., Milner,
T.A., Chavkin, C. GIRK1 Immunoreactivity is Present Predominantly in Dendrites, Dendritic Spines, and Somata in the
CA1 Region of the Hippocampus. Proc. Natl. Acad. Sci. USA. 94, pp. 1007-1012, 1997.

U3 opiate receptor and Morphine Morphine causes human monocytes, granulocytes, and endothelial cells as well as
molluscan immunocytes and microglia to change from a flattened to a rounded shape. This change in morphology
produced by morphine may play an important role in the ability of morphine to reduce inflammation by altering cell
adhesion and cell migration through endothelial cells. Dr. Harold Magazine and his colleagues examined the role of
nitric oxide in morphine-induced rounding of monocytes, granulocytes, and endothelial cells. Dr. Magazine and his
colleagues showed that morphine induces the synthesis of nitric oxide. The synthesis of nitric oxide appears to play
an important role in morphine-induced rounding because exposure to morphine elicits nitric oxide production, nitric
oxide agonists induce cell rounding, and nitric oxide antagonists block morphine induced rounding. The synthesis of
nitric oxide by morphine was blocked by naloxone; however, opioid peptides failed to elicit the production of nitric
oxide. Magazine suggests that the morphine-induced NO release may be mediated by the activation of the opiate
alkaloid-selective, opioid peptide insensitive m3 receptor and that the coupling of nitric oxide to the m3 opiate
receptor has been conserved throughout evolution. Magazine, H.l., Liu, Y., Bilfinger, T.V., Fricchione, G.L., and
Stefano, G.B. Morphine-Induced Conformational Changes in Human Monocytes, Granulocytes, and Endothelial Cells
and in Invertebrate Immunocytes and Microglia are Mediated by Nitric Oxide. Journal of Immunology, 156, pp. 4845-
4850, 1996.

Separation and Detection of Neurotransmitters and Neurochemicals in Ultra-Small Volumes

Richard N. Zare, Ph.D., Professor of Chemistry at Stanford University who co-authored a paper last summer
suggesting possible fossil evidence of life on Mars is also a NIDA grantee who is devising methods to separate and
detect chemical compounds in single synaptic vesicles that normally contain ultra small volumes of neurotransmitters.
This is important because biological systems are partitioned into small compartments from single cells (pico-to
femtoliters) to single mitochondria and vesicles (attoliters). Analysis of the composition of individual synaptic vesicles
will provide insight into the basic mechanisms by which synaptic transmission is modified. In a paper published in
Science he reports significant progress in separating neurotransmitters by capillary electrophoresis whose biological
activity and presence are detected by patch-clamp electrophysiology. Capillary electrophoresis can be used to
separate compounds dissolved in volumes as small as the low femtoliter range and patch clamp electrophysiology can
detect the presence of a small number of molecules of agonist that can open a single ion channel. Orwar, O.,
Jardemark, K., Jacobson, I., Moscho, A., Fishman, H.A., Scheller, R.H., and Zare, R.N. Patch-Clamp Detection of
Neurotransmitters in Capillary Electrophoresis. Science, 272, pp. 1779-1782, 1996.
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Behavioral Research

Individual Differences in Drug Discrimination

To test the effects on operant food responding via discrimination and generalization of internal amphetamine cues on
high versus low behavioral responders, several different operant pre-test screening methodologies for behavioral
response to novelty/stress were used. Based on measures of activity, rats were grouped into high versus low
responders. Both groups were then trained to discriminate amphetamine versus saline in a two lever procedure using
food maintained responding. Following this training, amphetamine generalization tests were conducted across a range
of doses. In the first of these two tests, the high responders to novelty were found to be more sensitive than the low
responders to the bar-press suppressant effects of amphetamine. In the second generalization test, high responders
were also more sensitive to the discriminative effects of amphetamine (i.e., lower median effective dose). These
results are discussed in terms of identifying the processes common to the screens (e.g. stress and novelty). Bevins,
R.A., Klebaur, J.E., and Bardo, M.T. Individual Differences in Response to Novelty, Amphetamine-Induced Activity and
Drug Discrimination in Rats. Behavioral Pharmacology, In press.

Drug Combinations: Caffeine + Triazolam is not Caffeine + Buspiron

The drug discrimination paradigm has become a standard method by which many behaviorally active compounds are
classified in animal research. Researchers from the University of Vermont adapted this procedure to humans to ask:
Can the stimulus properties of caffeine, a methylxanthine CNS stimulant, be altered by the two chemically distinct
anxiolytic compounds triazolam and buspiron? They found that triazolam given in combination with caffeine blocked
the subject’s ability to discriminate caffeine. By contrast, buspiron given in combination with caffeine had no effect on
volunteers' ability to discriminate caffeine from placebo. These results demonstrate the utility of drug discrimination
paradigms for studying the effects of drug combinations in humans. Furthermore, these results suggest triazolam and
caffeine share a common neurosubstrate for detection of their stimulus properties that are distinct from the
neurosubstrate associated with buspiron detection. Oliveto, A.H., et al. Behavioural Pharmacology, In press.

Neonatal Withdrawal Syndrome in Infants Exposed to Cocaine and Methadone

The effect of concomitant cocaine and methadone use on neonatal withdrawal was examined in 68 infants born to
methadone-maintained mothers. Fifty-three (78%) of these mothers reported regular cocaine use during pregnancy
and/or had positive urine screens. Methadone dose in the last weeks of pregnancy was positively correlated with
withdrawal severity. Infants exposed to both cocaine and methadone had higher first withdrawal scores; however,
cocaine-exposed infants did not require more medication for withdrawal management, nor were they more likely to
show retarded growth in the uterus, prematurity, or early perinatal complications. These data do not support a
common view among women in methadone maintenance that cocaine will either minimize their infant's methadone
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withdrawal or will decrease the length of hospitalization after birth. Such incorrect beliefs may be contributing to the
high frequency of cocaine use in the present sample of women. Mayes, C., & Carroll, K.M. Substance Use and Misuse,
3, pp. 241-253, 1996.

False Feedback about Work Performance Reduces Methamphetamine Intake

Researchers at Columbia University tested whether research volunteers who are told that d amphetamine impairs
research task performance and reduces monetary earnings would actually decrease their d-amphetamine self-
administration in the laboratory. With no performance feedback, volunteers chose d-amphetamine over placebo 78%
of the time, and increased amphetamine choices when they were given feedback that their performance had
improved. By contrast, d-amphetamine self-administration decreased significantly to 25% when subjects were told
that it impaired their performance on work tasks and resulted in reduced earnings. In reality, d-amphetamine had
little effect on work task performance. With regard to subjective effects, d amphetamine significantly increased
ratings of "Stimulated" and "Good Drug Effect" and significantly decreased ratings of "Tired" and "Sleepy." These
results demonstrate that d amphetamine served as a reinforcer under conditions in which drug self-administration did
not influence monetary earnings, but that d-amphetamine self-administration could be modified by
feedback/monetary earnings. Thus, contingencies associated with performance have important implications for drug
use in the workplace. Comer, S.D., Haney, M., Foltin, R.W., Fischman, M.W., Psychopharmacology, 127, pp. 39-46,
1996.

The Noradrenergic System May Not be Involved in Morphine Discriminative Effects

Since studies suggest that the noradrenergic system is involved in the analgesic effects of opioids and in physical
signs of opioid withdrawal, is the noradrenergic system involved in the discriminative effects of morphine? First, a
range of doses of morphine (0.3-10.0 mg/kg) produced dose-dependent increases in morphine-appropriate
responding in rats without substantial decreases in response rate. In several experiments, neither the alpha 2 agonist
clonidine (0.003 0.1 mg/kg), the alpha 1 antagonist prazosin (0.1-10.0 mg/kg), the alpha 2 antagonist yohimbine
(0.1-10.0 mg/kg), the beta 2 agonist salbutamol (0.03-10.0 mg/kg), nor the beta antagonist propranolol (1.0-10.0
mg/kg) substituted for morphine nor altered the discriminative-stimulus effects of morphine when administered in
combination. These data suggest that the noradrenergic system is not involved in the discriminative-stimulus effects
of 5.6 mg/kg morphine in rats. Hughes, C.E., Habash, T., Dykstra, L.A., Picker, M.J. Pharmacol. Biochem. Behav. 53,
pp.979-986, 1996.

Gender and Vulnerability Factors in Cigarette Abstinence

Dr. David Gilbert from Southern lllinois University is investigating the role of individual differences in physiological
and psychological responses to smoking abstinence among females as they relate to individual differences in
personality and nicotine dependence and comparing responses of this female sample to a recently collected all-male
sample. Large individual differences in response to quitting have been found to correlate with personality,
psychopathology, and nicotine dependence. Preliminary data indicate that neuroticism and depressive trait measures
predict degree of smoking cessation induced negative affect and depressive state. These findings are consistent with
the PI's hypothesis that individuals scoring high in trait depression and neuroticism smoke to self-medicate their
temperamental disposition toward negative affect. The data, when complete, will lead to new knowledge that will
have implications for how to individualize smoking cessation programs to maximize successful long-term abstinence.

Behavioral Methods for Cigarette Smoking Cessation

Dr. Maxine Stitzer at Johns Hopkins University conducted a study to understand the role of nicotine in the
maintenance of cigarette smoking. Volunteers compared their own brand (mean nicotine yield = 1.07 mg; mean tar
= 15.8 mgq), a "light" cigarette (nicotine yield = 0.7 mg; tar = 10 mg), or a denicotinized cigarette (nicotine <0.1; tar
= 10.8 mg) in random order on three separate days. Subjective ratings for the denicotinized and light cigarettes were
comparable. They were rated as similar in strength and satisfaction (both were rated as lower than their own brand).
Desire to smoke scores declined after smoking and rose gradually over the next 90 mins with similar profiles across
the three cigarette types. The results suggest that acute subjective effects of smoking in experienced smokers may
be determined more by tar and/or sensory characteristics than by nicotine levels. Pharmacology, Biochemistry and
Behavior, In press.

Gender Differences in Psychiatric and Substance Use Comorbidity among Treatment-Seeking Opioid
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Abusers

Psychiatric and substance use comorbidity was assessed in 716 opioid abusers (47.2% women) seeking methadone
maintenance during a 5-year period. Rates of co-occurring mental disorders and personality traits were compared by
gender. Although rates of comorbidity were similar in women and men (47% vs 48%), women were less likely than
men to have a DSM-I111-R personality disorder (28.4% vs 40.5%) or an antisocial personality (15.4% vs 33.9%) but
more likely to have a mood disorder (27.5 % vs 11.4%) and 7 times more likely to have a borderline personality
(9.5% vs 1.3%). Although all patients had at least one substance use diagnosis beyond opioid dependence, most
often cocaine dependence, women were less likely than men to have a life-time cannabis, alcohol, or hallucinogen
disorder or a current cannabis (12.1% vs 19.8%) or alcohol dependence (19.5% vs 29.4%). Brooner, R.K., King,
V.L., Kidorf, M., Schmidt, C.W., and Bigelow, G.E. Psychiatric and Substance Use Comorbidity Among Treatment-
Seeking Opioid Abusers. Arch. Gen. Psychiatry, 54(1), pp. 71 80, 1997.

Contingent Reinforcement of Group Participation Versus Abstinence in a Methadone Maintenance
Program

This study evaluated the relative efficacy of two strategies for reducing illicit substance use in a methadone
maintenance setting: urinalysis-contingent reinforcement versus participation in Training in Interpersonal Problem
Solving groups (TIPS), an 8 week manualized psychoeducational group designed to promote problem-solving skills.
Three months after admission, 66 methadone patients were randomly assigned to either the Urinalysis contingent
condition in which take-home medication doses were received based on drug free urines or to the psychoeducational
group in which take-home medication doses were received based on group attendance. During the 24 week
intervention period, the urinalysis-contingent group showed greater improvement in rates of abstinence from illicit
drugs and better met criteria for clinical improvement than the psychoeducational group. It appears that
reinforcement of the psychoeducational group attendance is not as effective for reducing illicit drug use among
methadone maintenance patients as is urinalysis-contingent reinforcement. These findings support the efficacy of
contingency interventions targeted specifically at the drug using behavior. Iguchi, M. et al., Journal of Experimental
and Clinical Psychopharmacology, 4(3), pp. 315-321, 1996.

Reinforcing Operants Other Than Abstinence in Drug Abuse Treatment: An Effective Alternative for
Reducing Drug Use

This study evaluated the efficacy of Treatment Plan Based Reinforcement (a task-oriented behavioral intervention)
compared with a standard treatment control and a more traditional contingency management intervention in
reinforcing the provision of drug-free urines. Following a six-week stabilization phase, 103 subjects in methadone
maintenance treatment were randomly assigned to either the standard treatment control, the urinalysis-based
reinforcement or the treatment plan reinforcement. The intervention period lasted 12 weeks. Participants in the
Treatment Plan group earned vouchers for completing objectively defined and clearly verifiable treatment plan tasks
and were not reinforced for the provision of drug-free urines. The vouchers had an exchange value of 50 cents and
could only be redeemed for expenses related to treatment plan goals (maximum value, $15 per week). The
Treatment Plan group earned more vouchers than the Urinalysis-Contingent group and the number of vouchers
earned bore a direct relationship to the number of drug free urines submitted. Only the Treatment plan group
demonstrated improvement in abstinence rates that were maintained after the intervention was discontinued. The
results from this study suggest that reinforcement of clearly defined behavioral tasks targeted to treatment plan
goals increases involvement in behaviors inconsistent with drug use among methadone maintenance patients. Iguchi,
M. et al. Journal of Consulting and Clinical Psychology, In press.

The NIDA Collaborative Cocaine Treatment Study

Investigators recently reported on the prevalence and pretreatment psychiatric, drug use, and demographic
correlates of DSM-I11-R personality disorders in a sample of 289 cocaine dependent outpatients accepted into the
pilot phase of a randomized, multisite, clinical trial comparing different psychotherapy and drug counseling
treatments. Results showed that 48% of the patients had at least one personality disorder and 18% had two or more.
Of those with a personality disorder, 65% had a cluster B disorder with antisocial and borderline personality disorders
being the most common. Men were significantly more likely to be diagnosed with antisocial personality disorder than
women. Patients with personality disorders were significantly more likely to receive an another Axis 1 diagnosis and
to have more severe psychiatric symptoms. However, the groups did not differ on other measures of drug use
severity or demographic variables. While the prognostic significance of these findings is yet to be determined, the
results suggest that personality disorders are apt to play an important role in the treatment of cocaine dependence.
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Very Long-Term Users of Marijuana in the United States: A Pilot Study

In a feasibility study to examine long-term use of marijuana and associated consequences, Pope and his colleagues at
McLean Hospital/Harvard recruited a sample of 37 Americans, aged 30-74, who had smoked marijuana on at least
5,000 separate occasions. These subjects belonged to a wide range of ethnic groups, educational backgrounds,
occupations, and annual income and did not display any obvious features which distinguished them from the
population as a whole. They typically began smoking in the early 1960s or early 1970s, and then continued to smoke
heavily into middle adulthood because they felt that marijuana relieved unpleasant feeling states such as anxiety or
depression. According to the authors, individuals of this type are recruitable but have not been previously examined;
and additional studies of older, long-term marijuana users are needed (Gruber, A., Pope, H.G., and Oliva, P.
Substance Use and Misuse. 32(3), pp. 251-266, 1997). In addition, Pope and his team reviewed the literature and
found a series of 5 cases where marijuana was used because it produced a direct antidepressant effect in those who
had mood disorder. According to the authors, if it is true, these observations argue that many patients may use
marijuana to "self-treat" depressive symptoms. Do Patients Use Marijuana as an Antidepressant? Gruber, A., Pope,
H., and Brown, M. Depression, 4, pp. 77-80, 1996.

Marijuana and Mortality

Sidney and his colleagues at Kaiser Permanente in Oakland, California reviewed medical charts of approximately
67,000 patients enrolled in the HMO and found that the current use of marijuana was not associated with increased
mortality in non-AIDS men or women. However, the current use of marijuana was associated with increased risk of
AIDS mortality in men (RR of 1.90 [95% CI of 1.33, 2.73)]. Sidney, S., Beck, J., Takawa, 1.S., Quesenberry, C.P.,
and Friedman, G.D. Am. J. Pub Health, April 1997. A study is underway to examine if the living AIDS patients use or
have used marijuana for medical purposes.

Drug Use History and Criminal Behavior Among 133 Incarcerated Men

To investigate the relationship between crime and substance abuse, Pope and his team at Harvard/McLean Hospital
evaluated consecutively 133 male prisoners using the DSM-I11-R criteria for substance abuse. They also assessed
whether there was a relationship between the nature of substance dependence and the type of crime committed,
whether sexual, violent, or non-violent. About 95% of the prisoners were dependent on one or more substances of
abuse; 58% were acutely intoxicated with one or more substances at the time of committing the index crime and an
additional 6% were withdrawing from a substance at the time of crime. However, there was no significant correlation
between the type of substance abused or the number of individuals intoxicated and the type of crime committed.
Kouri, E., Pope, H., Powell, K., Campbell, C., Oliva, P., and Katz, D. American Journal of Drug and Alcohol Abuse, In
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press.

Psychiatric Effects of Exogenous Anabolic/Androgenic Steroids

In an excellent book chapter, the authors have reviewed the current literature on the psychiatric effects of anabolic
steroids. The use of large doses of anabolic steroids (up to 1,000 mg/wKk) is associated with manic episodes,
accompanied by psychotic symptoms, while depressive symptoms are associated with withdrawal from steroid
dependence, both of which require clinical intervention. Further, violence toward others and "reverse anorexia
nervosa'" are also associated with steroid dependence. In the latter syndrome, the individuals perceive themselves to
be small and weak, even when they are in fact large and muscular. This syndrome appears to represent a subtype of
body dysmorphic disorder. Authors point out that most findings are based on data collected in men and thus
additional studies are needed to examine the adverse consequences of steroid use in women. Pope, H.G. Jr, and
Katz, D.L. In Wolkowitz, O.M., and Rothschild, A.J. (eds.) Psychoneuroendocrinology for the Clinician, In press.

Genetic Basis Indicated for Abuse of Marijuana

Michael Lyons, Ming Tsuang and colleagues have determined that positive or negative feelings following the smoking
of marijuana are, in part, genetically determined. These data were obtained from interviews of monozygotic (n = 352
pairs) and dizygotic (n = 255 pairs) twins from the Vietham Era Twin Registry. Responses to the questionnaires were
statistically combined into two factors of "positive" and "negative" feelings. Using twin pair scores on these factors,
the most parsimonious model explaining the variance included only the genetic component (heritability, h3 = 26.6%
("negative" factor), 28.6% ("positive" factor)) and the unique environmental component (common environment, c2 =
73.4% ("negative" factor 1), 71.2% ("positive" factor 2)). Shared environment did not contribute to the variance as
also evidenced by correlations between factor scores that were more than double for the monozygotic twins
compared to the dizygotic. These new models show that while unique environment -- influences such as friends,
acquaintances, and communities that each twin might experience separately -- plays the major role, there is a strong
biological component that determines whether an individual will feel pleasure or lack of pleasure upon trying
marijuana that, in turn, has a significant influence on continued use. In fact, further data from the study show that
more positive feelings after smoking marijuana predicted higher amounts of use and longer lasting smoking histories;
negative feelings predicted lower amounts and shorter histories. Lyons, M.L., Toomey, R., Meyer, J.M., Green, A.l.,
Eisen, S.A., Goldberg, J., True, W.R., & Tsuang, M.T. How Do Genes Influence Marijuana Use? The Role of Subjective
Effects. Addiction, 92 (4), 1997.

Neurochemical Alterations in Cocaine Abuse

Robert B. Innis and colleagues of the Yale University Medical School have developed neurochemical brain imaging
probes that measure pre-, post-, and intra-synaptic aspects of dopaminergic transmission in the human brain using
SPECT (single photon emission computed tomography). Research studies with acutely abstinent cocaine addicts are
on-going to determine if numbers of DA transporters are elevated. Such an elevation would be predicted to cause
diminished dopaminergic synaptic function, since an elevated number of transporters would rapidly deplete dopamine
from the synapse. Also, transmitter activity alteration could be partly responsible for the addictive properties of
cocaine including craving. Laruelle, M., Abi-Dargham, A., van Dyck, C. H., Rosenblatt, W., Zea-Ponce, Y, Zoghbi,
S.S., Baldwin, R.M., Charney, D.S., Hoffer, P.B., Kung, H. F., & Innis, R.B. SPECT Imaging of Striatal Dopamine
Release after Amphetamine Challenge. Journal of Nuclear Medicine, 36, 1996.

Abnormal Cerebral Metabolite Levels Following Drug Abuse

Perry F. Renshaw and colleagues at the Harvard Medical School have demonstrated that polydrug abusers have
abnormal cerebral metabolite levels suggestive of both membrane dysfunction and cerebral bioenergetic
disturbances. Differing profiles of metabolite disturbance were found for primarily cocaine dependent and primarily
heroin-dependent subjects. In addition, a positive correlation was found for metabolite levels and number of weeks a
heroin-dependent subject was in methadone maintenance therapy. This finding implies that successful substance
abuse treatment may lead to improvements in cerebral metabolite levels and could be used to detect changes
indicative of treatment response. Kaufman, M.J., Pollack, M.H., Rose, S., Kukes, T.J., Mendelson, J.H., Cohen, B.M.,
and Renshaw, P.F. Abnormal Cerebral Metabolism in Polydrug Abuse: Detection with Phosphorus Magnetic Resonance
Spectroscopy, to be presented at the Annual Meeting of the American Psychological Association, Chicago, lllinois,
August, 1997.

https://archives.drugabuse.gov/DirReports/DirRep597/DirectorReport3.htmlI[11/17/16, 9:07:39 PM]



Director's Report 5/97 - Clinical and Services Research

Therapeutic Communities in American Prisons

This chapter focuses on the application of Therapeutic Communities (TC) in prison settings including a discussion of
the history of the TC model and its demonstrated effectiveness. It also discusses several of the major challenges to
implementing this model in the current environment and possible new directions for working with prisoners with co-
occurring substance abuse and mental health disorders. Wexler, H. Therapeutic Communities in American Prisons. In
F. Cullen, L. Jones, and R.Woodward (Eds.), Therapeutic Communities for Offenders, New York: John Wiley & Sons,
1997.

Motivation and Readiness for Treatment

DeLeon and his colleagues examined the effect of motivation and readiness for treatment across different groups of
drug abuses (primary cocaine, primary crack cocaine, primary alcohol, primary marijuana, and primary heroin).
These investigators found few primary drug differences in the rates of retention, the overall levels of motivation and
readiness, or in the persistence of the Circumstance, Motivation, Readiness, and Suitability (CMRS) for Treatment
Scales. They conclude that their findings are consistent with other clinical and research findings that emphasize the
importance of dynamic rather than fixed variables as determinants of treatment retention. In essence, substance
abusers who are not sufficiently motivated to change, or who do not appear ready to use treatment to deal with their
drug problem, are at higher risk for early dropout. DeLeon, G., Melnick, G., and Kressel, D. Motivation and Readiness
for Therapeutic Community Treatment Among Cocaine and Other Drug Abusers, Am. J. Drug and Alcohol Abuse,
23(2), pp- 169-189, 1997.
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Salmonella Infections, HIV and Opiates

There is a substantial literature identifying Salmonella as an opportunistic infection in patients with HIV infection, of
whom a substantial portion are drug abusers. A recent review (Angulo, F.J. and D.L. Swerdlow. Bacterial Enteric
Infections in Persons Infected with Human Immunodeficiency Virus. Clinical Infectious Diseases, 21, Suppl 1:S84,
1995) summarized recent findings on bacterial enteric infection in patients with HIV and concluded that Salmonella is
a leading cause of such infections and that they are likely to be more severe, recurrent or persistent, and extra-
intestinal. The fact that more extra-intestinal infections occur suggests that Salmonella can move from their portal of
entry, the gastrointestinal tract, to other areas and organs, a phenomenon described in a publication in press on
opioid treatment of mice. A paper entitled Morphine Induces Sepsis in Mice by Mary E. Hilburger, Martin W. Adler,
Allan L. Truant, Joseph J. Meissler, Jr., Vilas Satishchandran, Thomas J. Rogers, and Toby K. Eisenstein from Temple
University School of Medicine describes studies which examine the role of morphine in inducing sepsis. Mice
administered morphine by the subcutaneous implantation of a slow-release pellet developed colonization of the liver,
spleen and peritoneal cavity with Gram-negative and other enteric bacteria. In addition, the mice became hyper-
susceptible to sublethal endotoxin challenge. The effects were blocked by the si